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Abstract
Background: Neoadjuvant anthracycline-taxane-based chemotherapy (ChT) is a standard
of care treatment option for stage II-1ll breast cancer (BC) patients. However, the optimal

duration of neoadjuvant ChT has been poorly investigated so far.

Material and methods: We retrospectively retrieved clinical data of patients with stage II-Ill
human epidermal growth factor receptor 2-negative (HER2-) BC who were treated between
October 2007 and January 2018 with neoadjuvant AT (doxorubicin-paclitaxel) for three
cycles followed by CMF (cyclophosphamide-methotrexate-5-fluorouracil) for three cycles
(cohort A) or with four AT cycles followed by four CMF cycles (cohort B). The aim of our
study was to investigate the impact of neoadjuvant ChT duration (cohort A versus cohort

B) on pathological complete response (pCR] rates, disease-free survival (DFS) and overall
survival (0S).

Results: 0f 209 HER2- BC patients included, 62 had triple-negative breast cancer (TNBCJ and
147 had hormone receptor-positive (HR+) BC. Median age was 48years (range 30-74 years).
A total of 111 patients belonged to cohort A and 98 patients belonged to cohort B. pCR was
detected in 29 (13.9%) patients, 25 (40.3%) of whom had TNBC and four (2.7%) had HR+ HER2-
BC. Patients achieving pCR had significantly longer DFS and OS, with statistical significance
reached only in patients with TNBC. We found no differences between cohort A and cohort B in
terms of pCR rates (15.3% versus 12.2%; p=0.55), DFS (p=0.49) or 0OS (p=0.94). The incidence
of grade 3/4 adverse events was similar in cohort A versus cohort B as well (22.5% versus
19.4%; p=0.54).

Conclusion: Shorter duration of neoadjuvant anthracycline-taxane ChT was not associated
with worse clinical outcomes in patients with stage |-l BC. Prospective studies are needed to
evaluate whether the duration of neoadjuvant anthracycline-taxane-based ChT can be reduced
in specific patient subgroups without negatively affecting clinical outcomes.
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Introduction

Anthracyclines and taxanes are the backbone of
(neo)adjuvant chemotherapy (ChT) regimens in
patients with early-stage breast cancer (BC).-3
Although results of large randomized clinical tri-
als demonstrated that neoadjuvant and adjuvant
ChT are associated with similar long-term out-
comes,* % preoperative ChT has the advantage to
induce tumor downstaging and downsizing before
surgery, thus increasing the rate of breast-sparing
surgery.”® In addition, the antitumor activity of
neoadjuvant ChT can provide valuable prognos-
tic information, because patients achieving patho-
logical complete response (pCR) have significantly
longer disease-free survival (DFS) and overall
survival (OS) when compared to patients with
residual disease after primary systemic treat-
ment.>11 Notably, although the association
between pCR and improved long-term outcomes
is stronger in patients with triple-negative breast
cancer (TNBC) and HER2-positive (HER2+)
BC when compared to patients with hormone
receptor-positive (HR+) BC, recent pooled anal-
yses from large patient series showed that pCR is
predictive of long-term clinical outcomes in all
BC subgroups.12:13

Finally, failure to achieve pCR during neoadjuvant
therapy can indicate the necessity to administer
additional adjuvant therapies to reduce the risk of
disease relapse and patient death. For instance, in
the CREATE-X trial, six to eight triweekly cycles of
adjuvant capecitabine prolonged DFS and OS in
Asian HER2- BC patients with residual disease after
preoperative ChT,!# while the KATHERINE study
demonstrated that adjuvant Trastuzumab emtan-
sine (T-DM1) reduces disease relapse rates in
HER2+ BC patients failing to achieve pCR after
neoadiuvant ChT-trastuzumab biochemotherapy.1®
Based on these studies, several cancer centers have
adopted adjuvant capecitabine or T-DMI1 after neo-
adjuvant systemic therapies and surgery in patients
with HER2- BC and HER2+ BC, respectively.
Ongoing experimental trials are testing the efficacy
of new adjuvant treatments, such as platinum com-
pounds, PARP inhibitors or immunotherapy, after
surgery in BC patients failing to achieve pCR dur-
ing standard preoperative ChT (NCT02445391;
NCT02032823; NCT02926196).16:17

Over the past few decades, there has been a
remarkable evolution in (neo)adjuvant ChT regi-
mens, from the ‘old’ CMF regimen (consisting of
a combination of cyclophosphamide, methotrexate

and fluorouracil)!® until more recent anthracycline
and taxane-containing regimens.!®2! Currently,
the sequential administration of cytotoxic ChT
combinations with different mechanisms of action
represents the standard of care of (neo)adjuvant
ChT in BC patients. The first sequential regimen
to demonstrate clinical efficacy consisted of doxo-
rubicin (adriamicin)/epirubicin monotherapy fol-
lowed by CMF (A—CMF), which showed
superior clinical results when compared with CMF
alone.??2 Then, the phase III ECTO (European
Cooperative Trial in Operable Breast Cancer)
trial showed higher efficacy of doxorubicin-pacli-
taxel (AT) combination followed by CMF
(AT—->CMF) when compared with A—»CMF in
both the neoadjuvant and adjuvant settings, with
superior rates of conservative surgery in patients
receiving preoperative ChT.23 After the publica-
tion of the ECTO study, other trials have estab-
lished sequential anthracycline-taxane regimens,
and in particular four triweekly cycles of doxoru-
bicin-cyclophosphamide followed by weekly
paclitaxel or triweekly docetaxel, as effective and
well tolerated (neo)adjuvant treatments for BC
patients,%13,24-26

One much less explored clinical issue is the opti-
mal duration of neoadjuvant anthracycline-
taxane ChT in patients with limited-stage BC.
On the one hand, some phase III trials did not
show significant differences between shorter and
longer adjuvant ChT duration in limited-stage
BC patients.27-2° On the other hand, none of
these studies was conducted in the neoadjuvant
setting, and most of them did not use anthracy-
cline-taxane concomitant or sequential treat-
ments, thus reducing their informative potential
in the current clinical scenario. Finally, in those
studies that compared neoadjuvant ChT regi-
mens of different duration, different cytotoxic
compounds and treatment schemes were used,
thus limiting the possibility to draw definitive
conclusions about the clinical impact of modify-
ing treatment duration. For these reasons, it
remains unclear which is the duration of pre-
operative ChT that is associated with the maxi-
mum therapeutic effect in terms of short-term
(pCR rates) and long-term (e.g. DFS, OS) clini-
cal outcomes.

Here, we conducted a retrospective study to
assess the impact of shorter versus longer duration
of sequential AT—>CMF on pCR rates, DFS and
OS in stage II-1II HER2—- BC patients.
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Materials and methods

Study setting and inclusion criteria

This was a retrospective, independent, monocen-
tric study in stage II-III HER2- BC patients
treated between October 2007 and January 2018
at Fondazione IRCCS Istituto Nazionale dei
Tumori (Milan, Italy). Eligibility criteria were:
(a) women with pathologically/cytologically con-
firmed diagnosis of clinical stage II-III HER2—
BC; (b) age =18years; (c) Eastern Cooperative
Oncology Group (ECOQG) performance status
(PS) of 0-2; (d) neoadjuvant ChT with AT (dox-
orubicin 60 mg/m? i.v. plus paclitaxel 200 mg/m?
i.v. every 3weeks) for three cycles followed by
CMF (cyclophosphamide 600mg/m?2 iv. plus
methotrexate 40 mg/m? i.v. and 5-FU 600 mg/m?
i.v. on days 1 and 8 every 4 weeks) for three cycles
(cohort A), or AT for four cycles followed by
CMF for four cycles (cohort B); (e) available data
regarding clinical outcomes, including the type of
pathological response at surgery (pCR wversus no
pCR), patient DFS and OS; (f) availability of
medical records containing adequate information
about treatment-related adverse events (AEs).

Patients in the shorter ChT duration cohort had
been enrolled in an institutional, single-arm pro-
spective study, namely the ASTER trial, which
evaluated the safety and long-term clinical out-
comes of ATX3—-CMFX3 (neo)adjuvant ChT
in limited-stage BC patients.3°

Objectives of the study

The objective of this study was to assess the
impact of the duration of neoadjuvant ChT
(cohort A: shorter ChT course versus cohort B:
longer ChT course) on clinical outcomes and
safety profile in the whole patient population of
HER2- BC patients, as well as in subgroups of
patients with TNBC or HR+ HER2- BC. The
primary study endpoint was pCR, as defined by
the absence of invasive neoplastic cells at micro-
scopic examination in surgically removed breast
tissue and lymph node(s). DFS and OS were sec-
ondary activity/efficacy endpoints. DFS was
defined as the time between surgery and any
event of locoregional recurrence, distant recur-
rence or patient death from any cause (both
BC-related and non- BC-related), whichever
occurred first. OS was defined as the time between
diagnosis and death from any cause. Patient data
were collected according to the ethical principles
for medical research involving human subjects

adopted in the Declaration of Helsinki. The eth-
ics committee of Fondazione IRCCS Istituto
Nazionale dei Tumori approved the study design
(INT 92/20). Patients alive at the time of data
collection and/or analysis signed an informed
consent for the use of their personal data for
research purposes.

Assessment of efficacy and safety

To assess treatment safety, we recorded all AEs
from blood evaluations and medical records. AEs
were classified according to the common termi-
nology criteria for adverse events (CTCAE), ver-
sion 5.0 of November 2017, National Institutes of
Health, National Cancer Institute. Hematological
toxicities were collected from computerized blood
sample data. Non-hematological toxicities were
retrieved from medical records, where they had
been regularly annotated during patient visits.

Statistical analyses

The y? test was used to study the distribution of
clinically meaningful dichotomous variables
(patientor tumor-related) in cohort A versus cohort
B, whereas the Wilcoxon—-Mann—Whitney test
was used to compare the distribution of continu-
ous variables in the two patient cohorts. DFS and
OS were represented according to the Kaplan—
Meier method, and survival distributions were
compared with the log-rank test. Patients who
had not undergone disease recurrence or death at
the time of data cut-off and analysis were cen-
sored at their last disease evaluation. The impact
of treatment duration on continuous (DFS, OS)
or categorical outcomes (pCR) was also tested at
multivariable analysis by using Cox proportional
hazard models or logistic regression models,
respectively.

A threshold of significance of 0.05 was set for all
statistical evaluations. All statistical analyses were
performed using the software R [version 3.5.2
(2018-12-20)].

Results

Patient population

Patient and tumor characteristics are described in
Table 1. Median patient age was 48years (range
30-74 years). Out of 209 HER2- BC patients
included in this study, 62 (29.7%) had TNBC
and 147 (70.3%) had HR+ HER2- BC. Clinically
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Table 1. Patient and tumor characteristics.

Overall ATX3—-CMFX ATX4—>CMFX ATX3—>CMFX ATX4—>CMFX ATX3—>CMFX ATX4—CMFX

n° 209 3n° 111 4n°98 3TN n° 28 4 TN n° 34 3 HR+ n°83 4 HR+ n° 64
Age, 48 47 51 45 54 48 50
median (range) (30-74) (30-74) (31-73) (32-69) (31-73) (30-74) (32-72)
p-value=0.06 p-value=0.075 p-value=0.29
BMI
<25 114 (54.5) 56 (50.5) 58 (59.2) 16 (57.1) 20 (58.8) 39 (47.0) 38 (59.4)
=25 79 (37.8)  42(37.8) 37(37.7) 7 (25.0) 13(38.2) 36 (43.4) 24 (37.5)
NA 16 (7.7) 13 (11.7) 3(3.1) 5(17.9) 1(3.0] 8 (9.6) 2 (3.1)
p-value=0.05 p-value=0.11 p-value=0.16
Biology
HR+ 147 (70.3) 83 (74.8) 64 (65.3)
N 62(29.7) 28 (25.2) 34 (34.7)
p-value=0.18
Primary tumor
cT1-cT2 145 (69.4) 100 (90.1) 45 (45.9) 24 (85.7) 20 (58.8) 76 (91.6) 25 (39.1)
cT3-cT4 63 (30.1) 10 (9.0) 53 (54.1) 3(10.7) 14 (41.2) 7 (8.4) 39 (60.9)
NA 1(0.5) 1(0.9] 0 (0) 1(3.6) 0 (0) 0(0) 0 (0)
p-value < 0.00002 p-value=0.019 p-value < 0.00006
Axillar nodes
cNO 74(35.4)  44(39.6) 30 (30.6) 11(39.3) 12 (35.3) 33(39.8) 18 (28.1)
cN1-3 135 (64.6) 67 (60.4) 68 (69.4) 17 (60.7) 22 (64.7) 50 (60.2) 46 (71.9)
p-value=0.22 p-value=0.95 p-value=0.12
Grading*
G1-G2 106 (50.7) 60 (54.1) 46 (46.9) 4(14.3) 6(17.6) 56 (67.5) 40 (62.5)
G3 73 (34.9)  34(30.6) 39 (39.8) 20 (71.4) 26 (76.5) 14 (16.9) 13(20.3)
NA 30 (14.4) 17 (15.3) 13(13.3) 4(14.3) 2 (5.9) 13(15.6) 11(17.2)
p-value=0.38 p-value=0.53 p-value=0.81
Ki67%
<20 41(19.6) 20 (18.0) 21 (21.4) 1(3.6) 3(8.8) 19 (22.9) 18 (28,1
=20 147 (70.3) 75 (67.6) 72 (73.5] 25 (89.3) 29 (85.3) 50 (60.2) 43 (67.2)
NA 21 (10.1) 16 (14.4) 5(5.1) 2(7.1) 2 (5.9) 14 (16.9) 3(4.7)
p-value=0.08 p-value=0.70 p-value=0.07

Data are presented as n (%) except where otherwise noted. The p-value of the Wilcoxon-Mann-Whitney test (age) or %2 test (other variables) is
indicated in bold numbers when statistically significant. In case of not available (NA] information, the p-value refers to the %2 test performed after
excluding NA data.

*According to Elston-Ellis breast cancer grading system.

AT, doxorubicin-paclitaxel; BMI, body mass index; CMF, cyclophosphamide-methotrexate-5-fluorouracil; HR+, hormone receptor-positive;

TN, triple-negative.
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positive nodes at diagnosis (cN1-cN3) were
detected in 135 (64.6%) patients. Regarding
patient distribution in the two treatment cohorts,
111 (53%) belonged to cohort A, whereas 98
(47%) patients belonged to cohort B. Patients in
cohort B were more likely to have larger primary
tumors at diagnosis (cT3-cT4) when compared
with patients in cohort A (54.1% and 9.0%,
respectively; x2 test p-value <0.00002), with a
statistically significant difference in the percent-
age of ¢T4 tumors (cohort A: 3.6%, cohort B:
40.8%; y?2 test p-value <0.0001) but not of ¢T3
tumors (y? test p-value =0.07). Regarding other
clinical and tumor-related variables, cohorts A
and B were well balanced in terms of patient age,
tumor biology (HR+ BC wersus TNBC), involve-
ment of axillary nodes (cNO wersus cN1-N3),
tumor grading (G1-G2 versus G3), percentage of
Ki-67 positive tumor cells (<20 versus patient
body mass index (BMI) =20%) and patient (<25
versus =25kg/m?).

Treatment activity and efficacy

At the time of data analysis, median follow-up was
76.96months (interquartile range [IQR] 46.98—
96.16) and median DFS and OS had not been
reached. Overall, 60 events (28.7% of patients) of
local and/or distant disease recurrence had occurred;
of them, 34 events (30.6%) were observed in cohort
A and 26 (26.5%) in cohort B (p=0.587). A total
number of 29 patients (13.9%) achieved pCR, with
significantly lower pCR rates among HR+ HER2—-
BC patients (four out of 147; 2.7%) than among
TNBC patients (25 out of 625 40%) (»p=0.009). In
the whole patient population, pCR was associated
with a statistically significantly longer DFS
(»p=0.047) and with a trend towards longer OS
(»p=0.073) (Supplemental Figure 1A-1B). When
considering tumor biology subgroups, pCR was
associated with significantly longer DFS and OS in
TNBC patients (DFS: p=0.0014; OS: p=0.0025),
but notin HR+ HER2-BC patients (DFS: p=0.33;
OS: p=0.54) (Supplemental Figure 1C-1D).

We found no statistically significant differences
between patients in cohort A and cohort B in
terms of pCR rates (15.3% wversus 12.2%; p=0.55),
DFS (»p=0.49) (Figure 1A) or OS (»p=0.94)
(Figure 1B). Similarly, in the subgroups of patients
with TNBC and HR+ HER2- BC, cohorts A and
B patients had non-statistically significantly differ-
ent DFS (TNBC: p=0.23; HR+ BC: p=0.73,
respectively) (Figure 1C) or OS (TNBC: p=0.74;
HR+ BC: p=0.48) (Figure 1D).

At multivariable analysis adjusting for other
patient or tumor-related characteristics, ChT
duration was not associated with clinical out-
comes. TNBC biology was the only factor associ-
ated with significantly worse DFS (p=0.028),
worse OS (p=0.003), and with a trend towards
higher pCR rates (p=0.0595) at multivariable
analysis (Table 2).

Sensitivity analysis

As cohort B patients were more likely to have cT4
stage tumors, we hypothesized that the observed
lack of differences in terms of pCR rates, DFS
and OS between patients treated with shorter and
longer ChT duration could result, at least in part,
from an imbalance of crucial prognostic factors in
the two treatment cohorts. For this reason, we
performed a sensitivity analysis, in which we
excluded c¢T4 patients from our evaluations. Of
note, even after removing patients with ¢ T4 stage
disease, we found no significant differences
between cohorts A and B in terms of pCR rates
(15.5% wersus 14.2%; p=0.80), DFS (p=0.65;
Figure 2A) and OS (p=0.9; Figure 2B). We
found similar results when TNBC and HR+
HER2- BC patient subgroups were evaluated
separately (Figure 2C-D).

Treatment safety and tolerability
Treatment-related AEs are summarized in Table 3.
When considering the whole patient population, any
grade neutropenia was detected in 101 (48.3%)
patients, of whom 90 (43.1%) reported G1-G2 neu-
tropenia and 30 (14.4%) patients reported severe
(G3-G4) neutropenia. Fatigue was reported by 42
patients (20.9%), and was G1-G2 in all patients.
G1-G2 peripheral neuropathy was reported by 41
(19.6%) patients, while G3—-G4 neuropathy only
occurred in three (1.4%) patients. Any grade nausea
was reported by 65 (31.1%) patients, while only two
(1%) patients developed G3/G4 nausea. Aspartate
aminotransferase (AST) and analine amonotrans-
ferase (ALT) increase occurred quite commonly,
with 95 (45.5%) patients experiencing AST increase
and 109 (52.2%) patients experiencing ALT
increase, respectively. Nonetheless, G3/G4 increase
of ALT occurred only in six (2.9%) patients, while
no G3/G4 increase of AST was reported.

We found a trend towards a higher incidence of
any grade increase of AST levels in cohort B versus
cohort A (53.1% wversus 38.7%) (p=0.053). The
incidence of all other AEs was similar in the two
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Figure 1. Kaplan-Meier curves for DFS and OS according to duration of neoadjuvant ChT in the whole

population of enrolled patients.

A, C: Kaplan-Meier curves of DFS according to duration of treatment (A); Kaplan-Meier curves of DFS according to duration
of treatment and tumor biology (TN and HR+ BC) (C]. B, D: Kaplan-Meier curves of 0S according to duration of treatment
(B); Kaplan-Meier curves of 0S according to duration of treatment and tumor biology (TN and HR+ BC) (D). The + symbol
indicates patients censored at the time of data cut-off and analysis.

BC, breast cancer; ChT, anthracycline-taxane-based chemotherapy; DFS, disease-free survival; HR+, hormone receptor-

positive; 0S, overall survival; TN, triple-negative.

treatment cohorts. At least one delay (equal or
more than 7days) in treatment administration for
drug-related AEs was deemed necessary in 22 out
of 111 (19.8%) patients in cohort A and in 13 out
of 98 (13.3%) patients in cohort B (p=0.26).
Overall, 19 patients required a dose reduction to
manage ChT-related AEs, nine of whom were in
cohort A and 10 in cohort B, respectively (p=0.82).

Discussion

In this study we performed a retrospective analy-
sis to investigate the impact of shorter (approxi-
mately 5months) versus longer (approximately
7months) duration of the same neoadjuvant
anthracycline-taxane-containing ChT regimen
on clinical outcome of stage II-III HER2- BC
patients.
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Table 2. Multivariable analysis of (a) DFS, (b) 0OS and (c) pCR (binary logistic) according to patients and

treatment characteristics.

(a) DFS

Variables HR 95% CI p-value
Tumor biology TNBC versus HR+ BC 1.81 1.07-3.09 0.028
Primary tumor cT3-cT4 versus cT1-cT2 0.98 0.5-1.91 0.959
Axillar nodes cN1-3 versus cNO 1.13 0.66-1.93 0.656
ChT regimen ATx3 CMF X3 versus ATX4 CMFx4  0.85 0.50-1.63 0.717
(b) 0S

Variables HR 95% CI p-value
Tumor biology TNBC versus HR+ BC 16.86 3.62-78.4 0.003
Primary tumor cT3-cT4 versus cT1-cT2 0.46 0.13-1.70 0.245
Axillar nodes cN1-3 versus cNO 0.72 0.36-1.44 0.075
No. of treatment cycles ATX3 CMFX3 versus ATX4 CMEx4  4.31 0.86-21.7 0.075
(c) pCR

Variables OR 95% ClI p-value
Tumor biology TNBC versus HR+ BC 2.61 1.32-5.17 0.0595
Primary tumor cT3-cT4 versus cT1-cT2 0.98 0.45-2.13 0.966
Axillar nodes cN1-3 versus cNO 0.72 0.36-1.44 0.355
No. of treatment cycles ATX3 CMFXx3 versus ATX4 CMFx4  0.98 0.48-1.98 0.941

The p-value of the multivariable analysis for each characteristic is indicated in the right column of the table. The p-value of
the test is indicated in bold numbers when statistically significant.
AT, doxorubicin-paclitaxel; Cl, confidence interval; CMF, cyclophosphamide-methotrexate-5-fluorouracil; DFS, disease
free survival; HR, hazard ratio; HR+ BC: hormone receptor-positive breast cancer; 0S, overall survival; pCR, pathologic

complete response; TNBC, triple-negative breast cancer.

We found that shorter and longer ChT duration
are associated with similar antitumor activity
(pCR rates) and long-term efficacy (DFS; OS) in
the whole patient population, as well as in TNBC
or HR+ BC subgroups. In our patient popula-
tion, pCR rates were significantly higher in TNBC
patients than in HR+ HER2- BC patients. In
addition, achieving pCR was associated with bet-
ter DFS and with a trend towards better OS in
the whole patient population, thus confirming the
prognostic role of pCR in the neoadjuvant setting
regardless of treatment duration. Together, these
data indicate that the findings of our study are
reliable, and in line with the literature.

In this study, the two treatment cohorts were
quite well balanced in terms of tumor and patient

characteristics, with the only exception of a sig-
nificantly higher proportion of patients with cT4
tumors in cohort B, which depends on the fact
that patients with ¢T4 tumors were excluded
from the ASTER trial.>® As an imbalanced distri-
bution of ¢cT4 tumors in the two treatment cohorts
might have significantly contributed to the
observed lack of differences, in terms of antitu-
mor activity/efficacy, between shorter and longer
ChT duration, we performed a sensitivity analysis
in which we excluded patients with ¢T4 tumors.
Notably, this analysis confirmed the main study
results, thus supporting the clinical solidity of our
findings.

To the best of our knowledge, this was the first
study to show similar antitumor activity and
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Figure 2. Kaplan-Meier curves for DFS and OS according to duration of neoadjuvant ChT after excluding cT4

stage patients.

A, C: Kaplan-Meier curves of DFS according to duration of treatment (A); Kaplan-Meier curves of DFS according to duration
of treatment and tumor biology (TN and HR+ BC) (C]. B, D: Kaplan-Meier curves of 0S according to duration of treatment
(B); Kaplan-Meier curves of 0S according to duration of treatment and tumor biology (TN and HR+ BC) (D). The + symbol
indicates patients censored at the time of data cut-off and analysis.

BC, breast cancer; ChT, anthracycline-taxane-based chemotherapy; DFS, disease-free survival; HR+, hormone receptor-

positive; 0S, overall survival; TN, triple-negative.

efficacy of shorter versus longer ChT duration in
the neoadjuvant setting in patients with stage
II-IIT HER2- BC. Although these results need
prospective validation, they suggest that reducing
the duration of standard preoperative ChT might
be associated with non-inferior treatment effi-
cacy, provided that the most active cytotoxic
agents, namely anthracyclines, taxanes and cyclo-
phosphamide, are sequentially or concomitantly

administered for a minimum number of cycles.
In particular, we hypothesize that a lower num-
ber of total anthracycline-taxane ChT cycles may
be sufficient to treat tumors that are more sensi-
tive to cytotoxic agents efficaciously; at the same
time, prolonging ChT duration may provide no
additional benefit to patients with chemo-
resistant neoplasms. In this latter patient popula-
tion, adjuvant systemic treatments with different
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Table 3. Toxicities of different treatment arms.

AEs Any grade n° (%) p-value Grade =3 n° (%) p-value

ATX3—->CMFx3  ATx4—>CMFx4 ATX3—->CMFx3  ATX4—>CMFx4

n° 111 n° 98 n° 111 n° 98
Anemia
No 47 (42.3) 30 (30.6) 0.11 110 (99.1) 96 (98.0) 0.91
Yes 64 (57.7) 68 (69.4) 1(0.9) 2 (2.0
Neutropenia
No 56 (50.4) 52 (53.1) 0.81 90 (81.1) 89 (90.8) 0.07
Yes 55 (49.6) 46 (46.9) 21 (18.9) 9(9.2)
Thrombocytopenia
No 103 (92.8) 88 (89.8) 0.60 110 (99.1) = =
Yes 81(7.2) 10(10.2) 1(0.9)
Peripheral neuropathy
No 91 (82.0) 77 (78.6) 0.66 110 (99.1) 96 (98.0) 0.91
Yes 20 (18.0) 21 (21.4) 1(0.9] 2(2.0)
Diarrhea - - -
No 107 (96.4) 92 (93.9) 0.60
Yes 4(3.6) 6(6.1)
Constipation = = =
No 109 (98.2) 93 (94.9) 0.35
Yes 2(1.8) 5(5.1)
Nausea
No 82 (73.9) 61(62.2) 0.10 110 (99.1) 97 (99.0) 1.00
Yes 29 (26.1) 37(37.8) 1(0.9) 1(1.0]
Vomiting - -
No 100 (90.1) 84 (85.8) 0.45 110 (99.1)
Yes 111(9.9) 14 (14.2) 1(0.9]
Mucositis
No 93 (83.8) 73 (74.5) 0.14 108 (97.3) 95 (96.9) 1.00
Yes 18 (16.2) 25 (25.5) 3(2.7) 3(3.1)
Fatigue = = =
No 94 (84.7) 73 (74.5) 0.10
Yes 17 (15.3) 25 (25.5)

(Continued]
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Table 3. (Continued)

AEs Any grade n° (%) p-value Grade =3 n° (%) p-value
ATX3—->CMFXx3  ATX4—>CMFXx4 ATX3—->CMFx3  ATX4—>CMF x4
n° 111 n° 98 n° 111 n° 98
AST increase - - _
No 68 (61.3) 46 (46.9) 0.053
Yes 43 (38.7) 52 (53.1)
ALT increase
No 57 (51.4) 43 (43.9) 0.35 106 (95.5) 97 (99.0) 0.28
Yes 54 (48.6) 55 (56.1) 5 (4.5) 1(1.0]
Transaminitis
No 56 (50.4) 39 (39.8) 0.16 106 (95.5) 97 (99.0) 0.28
Yes 55 (49.6) 59 (60.2) 5 (4.5) 1(1.0)

Data are presented as n (%) except where otherwise noted. The p-value of the %2 test assessing the association between each AE and the type of
treatment received is indicated in the right column of the table.
AE, adverse event; AT, doxorubicin-paclitaxel; CMF, cyclophosphamide-methotrexate-5-fluorouracil.

mechanisms of action could be more effective to
kill residual chemo-resistant cells and to improve
long-term outcomes. Although provocative, these
hypotheses need to be tested in large prospective
trials randomly assigning patients to the same
ChT schedule, but for a different number of total
ChT cycles.

Recent clinical trials have shown that concomitant
or sequential administration of the most effective
cytotoxic compounds (namely anthracyclines,
taxanes, cyclophosphamide and, in some con-
texts, platinum compounds) in the neoadjuvant
treatment setting yields the best clinical results in
terms of pCR and reduction of the risk of disease
relapses.?31-35 Some of these studies compared
neoadjuvant anthracycline-taxane regimens of dif-
ferent duration, and showed that longer ChT
duration is associated with a higher percentage of
pCR rates. However ChT schedules that were
compared in these studies also contained different
cytotoxic agents and different combination regi-
mens, thus making it unclear if treatment duration
is actually responsible for the observed differences
in terms of clinical outcomes.

The issue of escalating or de-escalating adjuvant
ChT in localized BC treatment is one of the most
debated topics in the breast clinical oncology com-
munity. In patients with limited-stage HER2+
BC, anthracycline-free adjuvant regimens

consisting of 12 weekly paclitaxel administrations
plus 1year of trastuzumab demonstrated excellent
long-term outcomes in patients with low-risk dis-
ease (pT1-pT2pNO tumors with lower than 3 cm
maximum diameter),3% while the addition of per-
tuzumab to adjuvant anthracycline-paclitaxel-
trastuzumab therapy,3” or adjuvant T-DMI1 in
patients failing to achieve pCR after preoperative
treatment,!> resulted in improved clinical out-
comes in patients with high-risk disease. Similarly,
TNBC patients failing to achieve pCR after stand-
ard neoadjuvant anthracycline-taxane ChT might
benefit from additional adjuvant cytotoxic treat-
ments, such as capecitabine.!4

One crucial goal of de-escalating neoadjuvant ChT
consists in reducing ChT-related adverse events
without negatively affecting clinical outcomes. In
this perspective, identifying and validating clinical
and tumor-related parameters associated with a
lack of detrimental effects with shorter ChT course
(e.g. clinical tumor stage; lymph node status; pro-
liferation index; tumor genomic or gene expression
profiles) will be of paramount importance properly
to select patients who are candidates for (neo)adju-
vant ChT de-escalation. In the neoadjuvant set-
ting, monitoring tumor response to treatment
through multiparametric radiological techniques
(magnetic resonance imaging; radio-labeled glu-
cose and glutamine positron emission tomography
scans) could add valuable information to predict
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pCR before the completion of a full-course ChT
programme.

Our study has some limitations. Firstly, it was a ret-
rospective study, and its results need to be validated
in the context of prospective clinical trials. Secondly,
we enrolled a relatively low number of patients,
which might have reduced the power to detect small
differences, in terms of antitumor activity and effi-
cacy, between the two treatment cohorts. Thirdly,
there was a significant imbalance in the percentage
of cT4 tumors between patients receiving shorter
versus longer chemotherapy. Nevertheless, the fact
that a sensitivity analysis confirmed the main study
findings after excluding patients with ¢T4 tumors
indicates that the study results are solid.

Finally, the chemotherapy regimen used in this
study, which consisted of triweekly AT cycles fol-
lowed by every 4-weeks CMF cycles, is rarely used
in clinical practice now. This is especially true in the
case of the CMF regimen which, although still
included in international guidelines for (neo)adju-
vant BC treatment (https://www.nccn.org/store/
login/login.aspx?ReturnURL=https://www.nccn.
org/professionals/physician_gls/pdf/breast.pdf), is
not commonly prescribed now. Although the
AT—CMF combination is different from the most
commonly used biweekly (dose-dense) or triweekly
AC (doxorubicin-cyclophosphamide) followed by
12 weekly paclitaxel (wP) or four triweekly doc-
etaxel (T) cycles, it actually contains the most
active cytotoxic agents against BC, including doxo-
rubicin, paclitaxel and cyclophosphamide, and its
efficacy has been previously demonstrated in a
phase III trial.2? Therefore, we consider it reasona-
ble that the results of our study could be extended
to the most commonly used AC»>wP or AC—T
regimens. In future clinical trials, it would be inter-
esting to compare the antitumor activity/efficacy
of the following anthracycline-taxane-containing
chemotherapy regimens of different duration: (a)
ACX4 followed by weekly paclitaxel X12 wversus
ACX3 followed by weekly paclitaxel X9; (b) ACX4
followed by docetaxel X4 wersus fluorouracil-
epirubicin-cyclophosphamide (FEC)X3 followed
by docetaxel X3; (c) ATX4 wversus ATX6; (d)
ACX4 followed by weekly paclitaxel X12 wversus
docetaxel-cyclophosphamide (T'C)X4.

Conclusion
This is one of the first studies to indicate that
the duration of standard anthracycline-taxane

neoadjuvant ChT could be reduced without nega-
tively affecting clinical outcomes. However, due to
the retrospective nature of the study and the type
of chemotherapy used, which does not represent
the standard of care in many countries, prospec-
tive studies are needed to confirm these data in
specific BC populations (i.e. TNBC or HR+ BC)
and by using more recent neoadjuvant ChT regi-
mens, such as the triweekly AC followed by weekly
paclitaxel or triweekly docetaxel, dose-dense AC
followed by weekly paclitaxel, AC followed by car-
boplatin plus paclitaxel, or paclitaxel plus carbopl-
atin and pembrolizumab followed by AC/EC in
TNBC patients.
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